A simple viscous flow model of a subduction zone is used to calculate the deformation within continental lithosphere above a subducting slab. Our formulation accounts for two forces that dominate the deformation in the overriding lithosphere: tectonic forces and buoyancy forces. The tectonic forces arise from the subduction of oceanic lithosphere and produce minor extension in the lithosphere near the trench and compression farther inland. Buoyancy forces can induce horizontal pressure gradients due to variations in crustal thickness, which cause lithospheric extension where the crust is thick. 
The Andes presents the best example of a mountain belt overlying a subduction zone, and is the type locality of active plate boundaries (Andean-type), which represent a tectonic environment of compressional deformation and mountain building above a subduction zone. Many studies have used the present-day Andean topography and tectonics as a possible analog of mountain building processes above subduction zones in the past (e.g., the Laramide Orogeny in the western United States during Late Cretaceous and Early Tertiary time [Hamilton, 1969; Burchfiel and Davis, 1975] ). The present-day tectonic activity in the central Andes (15 ø-27øS) exhibits regions of large-scale compression and extension and of magmatic activity that are continuous along strike of the mountain belt (Figure 1 ). Surface extension is found in the forearc region near the trench and in the high Altiplano plateau; however, there are no constraints to indicate whether the deformation at deeper levels is extensional as well. Compression is found in the eastern part of the Andes, about 600-900 km east of the trench.
The high topography of the Andes is supported by a thick crust [James, 1971] and possibly by a thermally thinned hthosphere underlain by low-density asthenosphere [Froidevaux and Isacks, 1984] . The extension in the forearc region has been explained by tectonic erosion, that is, shearing and undercutting of the overriding plate by the subducting slab [Karig, 1974; Coulbourn, 1981 In this study we investigate quantitatively the effects of tectonic and buoyancy forces on the deformation of the entire Andean region, by using a plane strain flow model of the Nazca-South America subduction zone. In order to keep the model simple, we consider only the mechanical and neglect the thermal aspects of the deformation. As a result the model may be less applicable to regions where thermal processes play an important role, such as in the magmatically active Western Monocline. Elsewhere, where the deformation is dominated by mechanical processes, the model can explain many aspects of the complex Andean tectonics that have heretofore not been explained by other models.
MODEL
Our region of interest is the continental lithosphere overriding a subduction zone, between the trench and the end of the subducting slab (Figure 2 ). However, a larger region is considered, because the overriding continental hthosphere, the subducting oceanic lithosphere, and the asthenosphere are dynamically interactive. The flow in the asthenosphere that affects the deformation within the overlying lithosphere is predominantly driven by the subducting slab and is confined to the upper mantle. The flow in the lower mantle, whether or not flow penetrates the 670 km discontinuity, has httle influence on the deformation of the overlying continental hthosphere and hence is omitted from our calculations.
We consider a simple model of a subduction zone comprised of continental hthosphere (composed of crust and mantle), subducting oceanic hthosphere, and asthenosphere.
In the model, the continentM hthosphere is strong, the asthenosphere is weak, and the strength of the subducting slab varies in different computations, from very strong (rigid) to as weak as the asthenosphere. In order to keep the model simple, the strength for the continental hthosphere is assumed to be uniform even though it is comprised of crust and The governing equation (4) is solved numerically via a finite element method by using 200-500 (in various numerical experiments) 8-noded quadrilateral isoparametric elements.
We solve for the velocity field by using a penalty function and selective reduced integration technique [Zienkiewicz, 1977] . Various patch tests have been conducted to ensure that our code is free of zero-energy and propagating spurious modes [Zienkiewicz, 1988] . Figures 4c and 4d) . 
